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Can the Immediate Efficacy of
Coronary Angioplasty Be
Adequately Assessed?*
RICHARD W. SMALLING, MD, PHD, FACC
Houston, Texas
The study in this issue of the Journal by Peterson et al. (I)
attempts to address multiple difficulties involved in accu-
rately assessing the significance of coronary artery stenoses
both anatomically and functionally. The pressure drop across
a coronary artery stenosis is flow dependent with a viscous
component linearly related to the stenosis length and in-
versely related to the minimal stenosis diameter raised to
the fourth power. The kinetic or dynamic component of
pressure loss is related to the flow squared and inversely
related to the fourth power of the normal vessel and stenosis
diameter (2). Therefore, small changes in stenosis dimen-
sions can drastically reduce the pressure loss across the
stenosis and significantly improve flow characteristics through
it. This phenomenon is the major reason why coronary an-
gioplasty can produce dramatic improvement in flow through
coronary arteries with modest improvements in the appear-
ance of the stenosis.
Correlation of pressure gradient and stenosis severity.
Various investigators (3,4) have reported that low postcor-
onary angioplasty translesional pressure gradients are good
predictors of a long-term clinically successful angioplasty.
However, careful quantitative analysis of stenoses in an
idealized model using a balloon free tube for distal pressure
measurement demonstrated wide scatter of pressure mea-
surements in the presence of significant stenoses (5). Quan-
titative analysis of stenosis geometry with subtraction of the
measured catheter lumen from the actual diameter of the
stenosis produced a closer correlation between pressure gra-
dient across the lesion and area of obstruction (6); however,
once again the scatter of pressure gradients across severe
stenoses was excessive. In addition to these objective find-
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ings. actual clinical situations involving tapering, tortuous
coronary vessels with distal disease makes the interpretation
of pressure gradients even more complex, Low profile bal-
loons may produce an ideal pressure gradient result that
would not be so ideal with a standard balloon catheter.
Because of this variability in pressure measurement, many
operators have abandoned routine measurement of trans le-
sional gradients during coronary angioplasty. The ability to
inject contrast medium through a distal lumen and to mea-
sure trends in pressure gradients is helpful; however, reli-
ance on pressure gradients for assessment of clinical efficacy
may not be reasonable.
Correlation of coronary flow reserve and stenosis se-
verity. Coronary flow reserve or the ratio of coronary flow
during maximal vasodilation compared with rest coronary
blood flow is a good physiologic indicator of stenosis se-
verity (2). In a previous report using techniques similar to
those of Peterson et al., Legrand et al. (7) utilized a relative
index of coronary flow reserve (appearance time of contrast
with relation to cardiac cycle) and found a large amount of
scatter in this index versus percent stenosis. Presence of
coronary collaterals to the distal bed made the correlation
even worse. Careful radionuclide analysis of these patients
in terms of their left ventricular performance or thallium
uptake during stress was no more effective in definitively
predicting the significance of the stenosis under evaluation.
These results are very similar to those observed by Peterson
et al. (I).
The coronary blood flow measurements using a Doppler
catheter reported by Sibley et al. (8) suggest that there is
excellent agreement between Doppler measurements of
coronary flow reserve and electromagnetic flow probe mea-
surements. However, there are no routine clinical angio-
plasty catheters available with such an integral Doppler flow
probe. Given the lower profiles of current devices, it is
unlikely that Doppler flow measurements will be used rou-
tinely in clinical coronary angioplasty.
Quantitation of coronary flow reserve and stenosis
severity. Actual quantitation of the stenosis using digital
angiography during coronary angioplasty is an attractive
concept. It is possible to adequately measure a stenosis using
digital techniques; however, the results immediately after
angioplasty appear to be dynamic in that both progression
and regression of stenosis severity during several months
after angioplasty have been reported (9). Careful analysis
using digital angiography can result in high resolution edge
detection approaching 0.10 mm (10). Videodensitometry,
however, has been shown to be superior to simple geometric
evaluation, especially in the presence of irregular stenoses
(11,12). Geometric measurements of stenosis severity using
diameters detected by automated edge detection (an im-
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proved method compared with tracing the borders by hand)
have demonstrated that diameter measurements correlate
reasonably well with densitometric analysis of the stenosis
severity before angioplasty. However, after angioplasty, the
edge detection techniques develop significant errors, most
likely secondary to disruption of the normal anatomy and
marked irregularities in the internal stenosis architecture
(13). Thus, investigations of coronary angioplasty using
edge detection techniques, manual tracing of stenosis boun-
daries or simple caliper measurement of stenosis geometry
after angioplasty may be subject to significant error.
The use of percent diameter stenosis has been shown by
measurements during coronary artery bypass surgery not to
correlate with coronary flow reserve (14). Minimal stenosis
area appears to correlate with flow reserve more predictably;
however, the techniques used in the study reporting this
finding (15) employed hand tracing and, hence, the area
reported was a calculated area rather than a true measured
area.
Densitometric techniques have been utilized to calculate
coronary flow reserve in coronary artery bypass grafts using
a differential quantitative contrast appearance time. How-
ever, the technique used for bypass grafts is obviously not
suitable for native coronary arteries, which have multiple
branch points (16). Coronary flow reserve can be measured
using a very sophisticated digital subtraction technique in-
volving precise injections of contrast medium synchronized
to the cardiac cycle as reported by Nissen et al. (17). These
images were corrected for attenuation and logarithmic x-
ray absorption by contrast medium. The coronary flow re-
serve obtained by this method correlated extremely well with
flow reserve measured by an electromagnetic flow probe.
However, the appearance time index of coronary flow re-
serve correlated poorly with coronary flow reserve measured
by electromagnetic flow probe. Thus, digital techniques of-
fer several improvements in stenosis quantification, includ-
ing: I) videodensitometric evaluation of stenosis geometry,
2) precise evaluation of coronary flow reserve using den-
sitometric techniques over regions of interest in the myo-
cardium distal to the stenosis, and 3) the promise of "on-
line" stenosis evaluation.
Present study. The report of Peterson et al. (I) under-
scores the importance of utilizing improved techniques. The
technique for stenosis analysis reported in their study uti-
lized multiple views that were not necessarily orthogonal
with measurement of the stenosis using a simple caliper
technique. Minimal stenosis area was calculated using an
assumed circular configuration of the stenosis that has been
demonstrated to be inaccurate in stenoses with irregular
contours. This technique should be significantly inaccurate
after angioplasty. If one is to make comparisons of stenoses,
these comparisons should be measured accurately using cal-
ibrated densitometric techniques. The translesional pressure
gradients reported were measured with the balloon in the
lesion. The problems with this measurement have been out-
lined; nonetheless, the measurements were taken consist-
ently and provide some evidence for angioplasty efficacy.
Peterson et al. (I) demonstrate general trends in de-
creased left ventricular performance associated with an in-
creased percent diameter stenosis and decreased minimal
cross-sectional area (their Fig. I to 4) (I). The estimation
of minimal stenosis area seemed to be the best predictor of
poor left ventricular functional response to exercise. These
measurements were performed in "worst case" lesions:
proximal left anterior descending lesions with a large amount
of myocardium easily visualized by radionuclide techniques
distal to the lesion. It is unlikely that an analysis of left
circumflex or right coronary artery lesions using the func-
tional descriptors reported by Peterson et al. would fare as
well. The relation between gradient and percent stenosis,
minimal cross-sectional area and change in ejection fraction
was poor. Almost one-third of patients with a "good" re-
sidual gradient had an abnormal exercise ejection fraction
(their Table 2). Thus, it appears from their study that the
minimal cross-sectional area, albeit crudely measured, was
the best predictor of functional abnormality caused by the
stenosis. There was still a great deal of variability between
stenosis appearance and its impact on left ventricular func-
tion. This finding is in agreement with that reported by
Harrison et al. (15).
Implications. How, then, in 1987, should we assess
stenosis severity before, during or after coronary angio-
plasty? The current noninvasive techniques do not provide
fully accurate assessment of the physiologic significance of
coronary artery stenoses, and simple geometric techniques
for analysis of stenosis severity also appear to be suboptimal.
Quantitative densitometric assessment of stenosis severity
appears to be the best technique at present. Incorporating
the stenosis length, entrance and exit angles of the stenosis
and normal vessel as well as stenosis diameter allows cal-
culation of an angiographic coronary flow reserve (2), which
may be more helpful than simple geometric measurements
in assessing the physiologic significance of a stenosis (18).
Densitometric techniques of measuring coronary flow re-
serve as reported by Nissen et al. (17) may also be extremely
helpful if they can be easily incorporated into commercial
digital angiographic cardiac imaging units. Simple visual
interpretation of stenosis severity is inadequate and pressure
gradient measurement may not be as helpful as was once
thought. Peterson et al. are to be congratulated for their
attempt to help us understand this major clinical problem.
Utilization of newer, more precise techniques of stenosis
analysis combined with better measurements of the physi-
ologic significance of coronary stenoses may allow us to
utilize percutaneous coronary angioplasty more objectively
and effectively in the future.
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